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Abstract The involvement of the mitogen-activated pro-
tein kinase (MAPK) cascade in induced defense reactions
of plants has been proposed. In a previous study, we re-
ported that MAPK-like activity was activated in fungal
elicitor-treated potato tubers. To gain a better understand-
ing about the involvement of the MAPK cascade in defense
reactions of potato, we cloned StMEK1, a potato ortholog
of tobacco NtMEK2. StMEK1 shares more than 86% amino
acid sequence identity with NtMEK2 and harbors con-
served Ser/Thr in the activation loop. Agrobacterium-
mediated expression of StMEK1
DD, a constitutively active
mutant of StMEK1, induced hypersensitive response (HR)-
like cell death in Nicotiana benthamiana leaf, preceded by
the activation of SIPK and WIPK. In addition, transient
expression of StMEK1
DD induced the transcript accumula-
tion of defense genes such as PAL, TEAS, and EIG-I24 but
decreased that of EIG-I30. These results suggest that
StMEK1 is involved in both activation and repression of
defense gene expression.
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Introduction
Plants induce a variety of defense reactions against
pathogen attack. After recognition of pathogens by plants,
pathogen signals are transduced into cellular responses ac-
companied by physiological changes such as modiﬁcations
in the phosphorylation (Peck et al. 2001) or redox status
(Howe and Schilmiller 2002) of cellular components. Pro-
tein phosphorylation/dephosphorylation is the most widely
used mechanism of signal transduction in eukaryotes
(Hubbard and Cohen 1993). In plants various physiological
processes, including the responses to internal and external
signals, are controlled via the signal transduction pathways
involving protein kinases (Hardie 1999; Kieber 1997; Zhu
2002). The importance of protein kinase in plant defense
has been suggested by pharmacological studies. It was re-
ported that protein kinase inhibitors blocked a wide range
of defense responses, whereas protein phosphatase inhibi-
tors activated plant defense responses (Mackintosh et al.
1994; Suzuki et al. 1999). However, the detailed function of
protein kinases in plant defense is not clear, as signal trans-
duction driven by phosphorylation/dephosphorylation is a
complicated process involving many protein kinases and
phosphatases.
The mitogen-activated protein kinase (MAPK) cascade
is one of the major and evolutionally conserved signaling
pathways utilized to transduce extracellular stimuli into
intracellular responses. In the MAPK signal transduction
cascade, MAP kinase kinase (MAPKK) is activated by up-
stream MAP kinase kinase kinase (MAPKKK) and in turn
activates MAPK. A full set of factors for the MAPK cas-
cade was identiﬁed in plants, suggesting that this process is
conserved in plants (Wrzaczek and Hirt 2001). A speciﬁc
MAPK is rapidly activated by wounding and other abiotic
stresses, as well as by plant hormones such as ethylene
(Ichimura et al. 2000; Novikova et al. 2000; Seo et al. 1999).
Many reports have shown that activation of MAPK is also
induced by pathogen stimuli (Zhang and Klessig 2001). For
example, activation of two MAPKs – salicylic acid-induced
protein kinase (SIPK) and wound-induced protein kinase
(WIPK) – are induced in response to various pathogen
stimuli such as Phytophthora elicitin, Avr9/Cf-9 interaction,
and tobacco mosaic virus infection in tobacco plants
(Romeis et al. 1999; Zhang and Klessig 1998b; Zhang et al.
2000). In alfalfa cells, four MAPKs are activated by distinct
elicitors with differential activation behaviors (Cardinale
et al. 2000). Direct evidence for involvement of the MAPK
cascade in plant defense is still limited however.
Recently, it was reported that replacement of two Ser/
Thr in the conserved S/TxxxxxS/T motif of MAPKK to Asp162
made it constitutively active (Asai et al. 2002; Ren et al.
2002; Xing et al. 2001; Yang et al. 2001). Yang et al. (2001)
reported that expression of constitutively active NtMEK2, a
tobacco MAPKK that phosphorylates and activates both
SIPK and WIPK, induced hypersensitive reaction (HR)-
like cell death. It has also been reported that transient ex-
pression of the active form of tomato tMEK2 elicited PR
gene expression in tomato protoplasts (Xing et al. 2001).
These results showed that the constitutively active MAPKK
was a useful tool for investigating the function of the
MAPK cascade.
In a previous study we reported that application of
hyphal wall components (HWC), an elicitor derived from
Phytophthora infestans that causes a sequence of defense
responses in potato (Doke et al. 1996), induced activation of
a MAPK-like activity in potato tubers (Katou et al. 1999).
The molecular mass and activation proﬁle of this kinase
to a variety of elicitors including salicylic acid suggested
that it might be a potato ortholog of tobacco SIPK. To gain
a better understanding of the involvement of the MAPK
cascade in the defense responses of potato, we cloned
StMEK1, a potato ortholog of tobacco NtMEK2.
Agrobacterium-mediated expression of StMEK1
DD, a
constitutively active mutant of StMEK1, induced HR-like
cell death in leaves of Nicotiana benthamiana. In addition,
transcript accumulation of some defense-related genes such
as  PAL  (phenylalanine ammonia lyase), TEAS  (5-
epi-aristolochene synthase), and EIG-I24 (acyltransferase)
were induced by StMEK1
DD  expression, whereas that of
another defense-related gene EIG-I30 (extensin) was sig-
niﬁcantly decreased. These results suggest that StMEK1 is
involved in both activation and repression of defense gene
expression.
Materials and methods
Plant materials, elicitors, treatment protocol
Tubers of the potato cultivar Irish cobbler (Solanum
tuberosum L.) were harvested at Nagoya University farm
and stored at 4°C in the dark until use. Nicotiana
benthamiana  plants were grown in environmentally con-
trolled growth cabinets under a 16-h photoperiod and an 8-
h dark period at 25°C. Four-week-old plants were used for
the experiments. HWC elicitor was isolated from cultured
mycelia of Phytophthora infestans, race 1.2.3.4 according to
a method previously described (Doke and Tomiyama 1980).
Potato tuber disks (20mm diameter, 2mm thick) were incu-
bated on a stainless steel mesh in a sealed plastic chamber at
20°C in the dark. After an 18-h aging period, potato tuber
disks were treated with 100µl of HWC elicitor (1mg/ml) or
water.
cDNA cloning of StMEK1 and site-directed mutagenesis
The cDNA of StMEK1 was ampliﬁed by the polymerase
chain reaction (PCR) from a potato cDNA library using the
following primers corresponding to the ﬁrst 28 nucleotide
sequence and the 3-untranslated region of NtMEK2,
respectively: forward 5-ATGCGACCTCTTCAACCA
CCCCCACCAG-3  and reverse 5-TTCTCCAAAAAT
AAAAATCCAACCACCC-3. PCR products were cloned
into the TA cloning site of pGEM-T easy (Promega,
Madison, WI, USA), and six independent clones were
sequenced. The constitutively active mutant of StMEK1,
StMEK1
DD, with the conserved Thr-228 and Ser-234 re-
placed by Asp (Yang et al. 2001), was generated by
Mutan-Super Express Km kit (Takara, Shiga, Japan) ac-
cording to the manufacture’s recommendations. The se-
quences of the PCR product and StMEK1
DD were veriﬁed
by sequencing with ABI Prism BigDye Terminator Cycle
Sequencing Kits (Perkin-Elmer, Foster City, CA, USA).
The nucleotide and deduced amino acid sequences were
analyzed with DNA analytical software (DNASIS; Hitachi
Software, Tokyo, Japan). The amino acid sequences were
aligned using the CLUSTAL W program (Thompson et al.
1994).
Gel blot hybridization
Total potato genomic DNA was extracted from leaves ac-
cording to the method described by Murray and Thompson
(1980). DNA (10µg) was digested with HindIII, EcoRI, or
SpeI and then separated by electrophoresis on 0.8% agar-
ose gel. Total RNA from potato tuber and N. benthamiana
leaf was prepared as described previously (Ausubel et al.
1987; Yoshioka et al. 1996). Total RNA (10µg) was sepa-
rated on 1.2% formaldehyde agarose gel. The separated
DNA and RNA were transferred to Hybond N
  nylon
membranes (Amersham, Buckingham shire, UK). The
probes were labeled with [α-
32P]dCTP using a random-
primed DNA labeling kit (Megaprime; Amersham). Hy-
bridization was performed according to the manufacturer’s
recommendations. The probes used in this study were a
0.4-kb StMEK1 cDNA fragment containing the 3-coding
and untranslated region of StMEK1, a 2.3kb StrbohB
cDNA fragment (Yoshioka et al. 2001), a 0.9kb PAL
cDNA fragment containing a conserved region of PAL
open reading frame (ORF), a 0.3-kb TEAS cDNA fragment
corresponding to the 3-terminal part of TEAS  ORF, a
0.5-kb EIG-I24 cDNA fragment (Takemoto et al. 2001),
and a 0.4-kb EIG-I30  cDNA fragment (Takemoto et al.
2001).
Transient expression of StMEK1
DD in N. benthamiana
For agroinﬁltration experiments, StMEK1
DD and GUS were
inserted into ClaI-BamHI sites of the vector pSLJ4K1
(Jones et al. 1992). The HindIII-EcoRI fragment was ex-
cised and cloned into pGreen binary vector (Hellens et al.
2000). The StMEK1
DD and GUS were ﬂanked by the cauli-
ﬂower mosaic virus (CaMV) 35S promoter and the omega
sequence from tobacco mosaic virus, and the nopaline syn-
thase terminator on the 3 end. The binary plasmid was163
transformed into Agrobacterium tumefaciens strain GV3101
harboring the transformation helper pSoup (Hellens et al.
2000). Agrobacterium cells were harvested by centrifuga-
tion and suspended in 10mM MES-NaOH pH 5.6, 10mM
MgCl2, and 150µM acetosyringone to an OD600  of 0.5,
incubated at room temperature for 2hr, and inﬁltrated
into leaves of N. benthamiana  using a syringe without a
needle.
In-gel kinase assay
In-gel kinase assays were performed as described previ-
ously (Katou et al. 1999). Brieﬂy, the protein extracts
(20µg) were separated on a 10% sodium dodecyl sulfate
(SDS)-polyacrylamide gel polymerized in the presence of
myelin basic protein (MBP) 0.25mg/ml (Sigma). After
electrophoresis, SDS was removed by washing the gel in
20mM Tris-HCl pH 8.0 containing 20% 2-propanol, four
times for 30min each. After equilibration in buffer A
(20mM Tris-HCl pH 8.0 and 5mM 2-mercaptoethanol),
the proteins were denatured at room temperature in buffer
A containing 6M guanidine twice for 30min each time.
They were renatured overnight at 4°C by incubating the
gel in buffer A containing 0.03% Tween 20 with four
changes of the solution. After equilibration in 20mM
HEPES-KOH pH 7.6, 10mM MgCl2, and 5mM 2-
mercaptoethanol, the gel was incubated in the same
buffer containing 25µM ATP and 0.5µCi/ml [γ-
32P] ATP
(4000Ci/mmol) for 1h. The reaction was stopped by wash-
ing the gel in 5% trichloroacetic acid and 1% sodium
pyrophosphate. The gel was washed extensively with this
solution, dried under vacuum, and autoradiographed with
an intensifying screen.
Immunocomplex kinase assay
The immunocomplex kinase assay was performed as de-
scribed previously (Zhang and Liu 2001). Protein extract
(200µg) was incubated with SIPK- or WIPK-speciﬁc antise-
rum (Seo et al. 1999; Zhang and Klessig 1998a) (10µl) in
immunoprecipitation buffer (50mM Tris-HCl pH 8.0,
150mM NaCl, 1mM EDTA, 50mM NaF, 10mM  -
glycerophosphate, 1mM Na3VO4 and 1% Triton X-100) at
4°C for 2h with rotary shaking. A 40-µl aliquot of 50% (v/v)
protein A-Sepharose was added, and incubation was contin-
ued for another 2h. The immunocomplex was collected by
brief centrifugation, after which it was washed three times
with immunoprecipitation buffer and three times with reac-
tion buffer [20mM HEPES-KOH pH 7.6, 10mM MgCl2,
and 1mM dithiothreitol (DTT)]. The kinase activity in the
complex was assayed at 25°C for 30min in a volume of 25µl
containing MBP 0.4mg/ml, 50µM ATP, and [γ-
32P]ATP
(40nCi/ml, or 4000Ci/mmol). The reaction was stopped by
adding SDS-sample buffer. After electrophoresis on 15%
SDS-polyacrylamide gel, the phosphorylated MBP was
detected by autoradiography.
Results
cDNA cloning of StMEK1
To isolate the tobacco NtMEK2 homolog from potato, we
performed PCR with primers derived from a sequence of
NtMEK2 using potato cDNA library as template. The size
of the ampliﬁed DNA was approximately 1.2kb. Analysis
of the deduced amino acid sequence of the PCR product
revealed that the product of this gene shares more than
86% identity with NtMEK2 (Fig. 1), so it was designated
StMEK1 (Solanum tuberosum MEK1). StMEK1 also has
more than 65% identity with the other NtMEK2
orthologous MAPKKs of Arabidopsis  (AtMEK4 and
AtMEK5) and of alfalfa (SIMKK), indicating that StMEK1
might be the NtMEK2  ortholog in potato. The two Ser
and Thr residues in the activation loop (S/TxxxxxS/T)
(Widmann et al. 1999) expected to be phosphorylated by
upstream MAPKKK are conserved in StMEK1 as are the
other NtMEK2 orthologous MAPKKs (Fig. 1, asterisks).
The N-terminus of StMEK1 contains a DEJL motif (K/R-
K/R-K/R-X(1–5)-L/I-X-L/I) known as a MAPK docking
site in mammals (Jacobs et al. 1999). It is reported that
removal of this motif of SIMKK partially compromises its
interaction with SIMK (Kiegerl et al. 2000).
Gel blot hybridization
The expression pattern of NtMEK2 after pathogen stress or
elicitor treatment has not been reported. First, we examined
the accumulation of StMEK1  transcript in potato tuber
disks treated with HWC elicitor or water (as the control).
As a positive control of inducible expression by HWC elici-
tor, we also examined the expression of StrbohB, the gene
for potato gp91 phox homolog (Yoshioka et al. 2001). As
reported, expression of StrbohB was increased by elicitor
treatment, with the peak at 6h dropping off rapidly there-
after. In contrast, the expression level of the StMEK1 tran-
script was unaltered after treatment with HWC elicitor (Fig.
2A), indicating that there was no transcriptional activation
of StMEK1.
Gel blot hybridization was performed with potato ge-
nomic DNA using the 0.4-kb 3-terminal end of StMEK1
cDNA as probe. Hybridization to DNA separately digested
with  HindIII and SpeI revealed two strongly hybridized
bands. One of the two bands (Fig. 2B, lower band in lane H,
upper band in lane S) was much stronger than the other
bands in the same lane, suggesting that the stronger band
might contain more than one StMEK1 homolog. Otherwise,
there is only one more StMEK1 homolog that has relatively
low identity with StMEK1  in the potato genome. This
hybridization pattern indicates that the potato genome
contains at least two copies of StMEK1 (Fig. 2B).164
Transient expression of StMEK1
DD in
N. benthamiana leaf
It is reported that replacement of two Ser/Thr residues (Fig.
1, asterisks) with Glu or Asp resulted in constitutive activa-
tion of plant MAPKK (Ren et al. 2002; Xing et al. 2001;
Yang et al. 2001). To examine the function of StMEK1, we
constructed  StMEK1
DD, a constitutively active mutant of
StMEK1, in which the conserved Thr and Ser were con-
verted to Asp (see Materials and methods). Under the con-
trol of CaMV 35S promoter,  StMEK1
DD  was transiently
expressed by the agroinﬁltration method in N. benthamiana
leaf because of less efﬁcient infection of A. tumefaciens
strain GV3101 in potato leaf (data not shown). The whole
area of N. benthamiana leaf inﬁltrated with Agrobacterium
carrying StMEK1
DD collapsed within 3 days (Fig. 3A), indi-
cating that StMEK1 was involved in the induction
of HR-like cell death. Also, we investigated the activation
of endogenous protein kinases in N. benthamiana  by
StMEK1
DD. As shown in Fig. 3B, expression of StMEK1
DD
activated two protein kinases within 24h. Their molecular
masses of 48 and 44kDa correspond to the sizes of SIPK
and WIPK, respectively (Seo et al. 1999; Zhang and Klessig
1997). An immunocomplex kinase assay using SIPK- and
WIPK-speciﬁc antibodies conﬁrmed that they were SIPK
and WIPK (Fig. 3B, bottom). In contrast, neither activation
of SIPK and WIPK nor cell death was induced in N.
benthamiana leaves inﬁltrated with A. tumefaciens harbor-
ing GUS (Fig. 3A,B).
Expression of StMEK1
DD and induction of transcript
accumulation of defense genes
Yang et al. (2001) reported that expression of active
NtMEK2 induced transcript accumulation of defense genes
such as HMGR  (3-hydroxy-3-methylglutaryl CoA reduc-
tase) and PAL. We examined the transcript level of defense
genes in the leaves of N. benthamiana after inﬁltration with
A. tumefaciens  containing  StMEK1
DD  or  GUS  under the
control of CaMV 35S promoter. As a positive control, we
tested the accumulation of PAL transcript in leaves inﬁl-
trated with A. tumefaciens harboring StMEK1
DD (Fig. 4).
PAL  expression was induced by StMEK1
DD  expression
Fig. 1. Alignment of deduced amino
acid sequence of StMEK1 with plant
MAPKKs. Dots represent amino acid
residues that match with the StMEK1,
and  dashes  indicate gaps introduced
to maximize alignment. Conversion of
the 228th T and 234th S residues to
negatively charged amino acid leads
to constitutively active substances,
indicated with asterisks. The putative
MAPK docking site is indicated with a
bar, and its consensus sequence is
shown underneath the motif. Basic
amino acid (K or R) and hydrophobic
amino acid (L or I) are indicated by b
and  h, respectively. The 11 catalytic
subdomains are represented by
roman numerals above the respective
regions.  Numbers in parentheses at
the end of each sequence indicate the
percentage identity to StMEK1.
The GenBank accession numbers
for StMEK1, NtMEK2, AtMEK4,
AtMEK5, and SIMKK are AB091780,
AF325168, AB015315, AB015316,
and AJ293274, respectively165
within 24h and then declined. TEAS is a key enzyme for
production of capsidiol, a major phytoalexin of tobacco
(Facchini and Chappell 1992). Expression of StMEK1
DD
induced accumulation of TEAS transcript within 24h after
inﬁltration. As in the case of PAL, expression of TEAS
decreased 48h after inﬁltration. It is reported that the tran-
script level of HMGR, upstream of TEAS involved in
capsidiol synthesis, is also elevated by expression of active
NtMEK2 (Yang et al. 2001). These results are consistent
with the concept of coordinated regulation of genes in-
volved in phytoalexin synthesis.
Previously, we identiﬁed HWC elicitor-inducible genes
by differential screening (Takemoto et al. 2001). We inves-
tigated the expression of two genes, EIG-I24 and EIG-I30,
which show similarity with acyltransferase and extensin,
respectively. The transcript level of EIG-I24 was elicited by
expression of StMEK1
DD, with a peak 48h after inﬁltra-
tion. The accumulation of EIG-I30  transcripts increased
within 24h after inﬁltration of A. tumefaciens containing
StMEK1
DD  or  GUS, indicating that this induction of
EIG-I30 was caused by infection stimuli of A. tumefaciens.
However, accumulation of EIG-I30  transcript in leaves
inﬁltrated with A. tumefaciens  harboring  StMEK1
DD  was
signiﬁcantly decreased beginning from 48h after inﬁl-
tration, whereas it remained at a high level through
72h in leaves inﬁltrated with A. tumefaciens  containing
GUS.
Discussion
The MAPK cascade is known as one of the major compo-
nents involving transduction of intra- or extracellular sig-
nals into cellular responses in eukaryotes, especially those
well characterized in yeasts and animal cells (Widmann et
al. 1999). Recent studies revealed the involvement of plant
Fig. 2. Gel blot hybridization analysis of StMEK1. A Accumulation of
StMEK1 transcripts in potato tuber disks after treatment with HWC
elicitor. Total RNA (10µg) was separated on a 1.2% formaldehyde-
agarose gel and transferred to a nylon membrane. The RNA blot was
hybridized with 
32P-labeled StMEK1 or StrbohB cDNA as indicated at
the left of the panels. The rRNA band stained with acridine orange is
shown to verify that similar amount of RNA were loaded per lane. B
DNA blot hybridization of potato genomic DNA. Genomic DNA
(10 µg) was digested with HindIII (H), EcoRI (E), or SpeI (S), sepa-
rated on 0.8% agarose gel, and transferred to a nylon membrane. The
membrane was allowed to hybridize with 
32P-labeled StMEK1 cDNA.
Molecular sizes (kilobases) are indicated at the left of the panel
A
B
Fig. 3. Expression of StMEK1
DD  induces activation of endogenous
protein kinases and HR-like cell death in Nicotiana benthamiana leaf.
A N. benthamiana leaves were inﬁltrated with A. tumefaciens (OD600
0.5) carrying GUS or StMEK1
DD at the left half of the leaves. Photo-
graphs were taken 3 days after inﬁltration. B N. benthamiana leaves
were inﬁltrated with A. tumefaciens carrying GUS or StMEK1
DD, and
total protein was extracted from intact leaves C or from leaves inﬁl-
trated with A. tumefaciens at the indicated times. Kinase activity of
extracts was assayed by in-gel kinase assay (top) or by immunocomplex
(IC) kinase assay with SIPK- or WIPK-speciﬁc antibody (bottom) using
myelin basic protein as a substrate
A
B166
MAPK cascades in hormone responses (Kovtun et al.
1998), cell division (Nishihama et al. 2001), the wounding
response (Seo et al. 1999), and pathogen defenses (Asai et
al. 2002; Zhang and Klessig 2001). Increasing evidence sug-
gests that the speciﬁc MAPK cascade consisting of SIPK/
WIPK and their upstream NtMEK2 participates in a wide
range of defense reactions including HR-like cell death and
defense gene expression (Yang et al. 2001; Zhang and Liu
2001).
In this study, we cloned StMEK1, an expected potato
ortholog of NtMEK2. Transcript accumulation of StMEK1
was unaltered after elicitation with HWC elicitor (Fig. 2A).
Phosphorylation by MAPKKK is the primary mechanism
for activation of MAPKK in animals and yeasts. It was
reported that activation of AtMEK1, an Arabidopsis
MAPKK, was induced by various abiotic stresses without
an increase in the amount of its protein (Matsuoka et al.
2002). PRKK, an alfalfa MAPKK, requires activation by
upstream MAPKKK for its ability to phosphorylate and
activate downstream MAPK (Cardinale et al. 2002). These
results suggest that plant MAPKKs, including StMEK1, are
also regulated by posttranslational modiﬁcation probably
through phosphorylation by upstream MAPKKK.
DNA gel blot analysis indicated that there were at least
two copies of StMEK1 homolog in the potato genome (Fig.
2). In the Arabidopsis genome, genes for 10 MAPKKs have
been discovered (MAPK Group 2002); and at least two
MAPKKs (AtMEK4 and AtMEK5) are functionally inter-
changeable with NtMEK2 (Ren et al. 2002). These results
indicate that components of the plant MAPK cascade have
a complex multigene family. Thus, loss-of-function genetic
analysis including T-DNA or transposon insertions might
be compensated by functional homologs. We performed a
gain-of-function experiment using Agrobacterium-
mediated transient expression in heterologous N.
benthamiana. A constitutively active form of StMEK1
(StMEK1
DD) induced HR-like cell death, conﬁrming that
StMEK1 is an NtMEK2 ortholog in potato (Fig. 3A). Ren et
al. (2002) reported that either constitutively active
AtMEK4 or AtMEK5 induced HR-like cell death in Nicoti-
ana tabacum as well as Arabidopsis thaliana. These results
suggest that the function of MAPK cascades via NtMEK2
ortholog was conserved among plant species.
The appearance of StMEK1
DD-induced HR-like cell
death was preceded by the activation of SIPK and WIPK
(Fig. 3B). It was reported that transient expression of SIPK
alone was sufﬁcient to induce HR-like cell death, whereas
that of WIPK was not (Zhang and Liu 2001), suggesting that
StMEK1
DD induced cell death via SIPK activation. Samuel
and Ellis (2002), however, reported that SIPK-silenced to-
bacco leaves were hypersensitive to ozone. In this plant,
strong and stable activation of WIPK was observed in
response to ozone exposure (Samuel and Ellis 2002).
These results suggest that both SIPK and WIPK are in-
volved in induction of cell death. Transient expression of
StMEK1
DD induced expression of defense genes, including
PAL, TEAS , and EIG-I24, in N. benthamiana leaf (Fig. 4).
In contrast, accumulation of EIG-I30  transcript was in-
creased by Agrobacterium with GUS without activation of
SIPK or WIPK (Figs. 3B, 4). Interestingly, expression of
StMEK1
DD decreased the transcript level of EIG-I30, sug-
gesting that expression of EIG-I30 is negatively regulated
by StMEK1 (Fig. 4). These results suggested that StMEK1
was involved in both positive and negative regulation of
defense gene expression.
In the present study, we isolated a potato MAPKK gene,
StMEK1, and demonstrated its involvement in controlling
multiple defense responses. Recent reports indicated that
the MAPK cascade, relative to NtMEK2 and SIPK/WIPK,
played a central role in induction of plant defense reactions
(Zhang and Klessig 2001); how this MAPK cascade is
integrated in the signaling pathway, however, remains
unclear. Future analyses such as identiﬁcation of upstream
and downstream components of the MAPK cascade
should clarify the induction mechanism of plant defense
reactions by the MAPK cascade. In the search for MAPK
component-interacting proteins, a yeast two-hybrid system
or screening for mutants will be applied in which active
MAPKK-induced HR-like cell death or defense gene
expression is compromised.
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